Two field experiments were carried out during 2017 and 2018 summer seasons at private farm in Aga, El-Dakahlia governorate, to investigate the effect of soaking periods of some activators and their interaction on vegetative growth parameters, minerals composition and biochemical parameters in leaves, yield and tuber quality of potato (Solanum tuberosum L., cv. Cara). The experiment was arranged in split plot design in complete blocks randomized. This research included 12 treatments consist of 3 soaking periods of activators (1 hours, 2 hours and 3 hours) and 4 activators i.e., licorice root extract (LRE) at 5 g L -1
INTRODUCTION
Potato is one of the most important plant of family Solanaceae and important vegetables crops. In Egypt, it considered one of the Egyptian national income resource. It is a cheap provenance of carbohydrates that plays important role in human diet. Total planted area in Egypt were 409372 fed. producing 4.61 million tons (FAO, 2017) .
Activators used for potato before planting as soaking to minimize buds sprouting stage, that led to enhance growth and decrease risk of early vegetative growth (Kandil et al., 2012) .
licorice root extract (LRE) is considered high source of biological active componends such as flavonoids and phenolic, also have nutritive value and medicinal properties (Morsi et al., 2008) . It contains amino acid (Asparagin), monosacaraide, tannins, starch, vitamins, some minerals, i.e., Ca, Mg, Zn, P, K and Si (Arytanova et al., 2001) . In this regard, soaking tubers of potato before planting with liquorice extract enhanced dry matter and starch in tubers (Hamadah et al. 2012) .
Zinc (Zn) is involved in many physiological functions in plants as it intervene in most enzymes structure and crebs cycle (Alloway, 2004) , used in the formation of chlorophyll and carbohydrates, conversion of starches to sugars. It is important in the formation of phenol, RNA and auxins by synthesis of tryptophan which is precursor of IAA, which improves growth regulation and stem elongation. Also, boron (B) has important role in physiological and biochemical process as root growth by cell division, sugar movement, formation of cell wall, carbohydrate metabolization, RNA, IAA and phenol (Camacho et al., 2008) . In this concern, soaking chickpea seeds with Zn plus B increased vegetative growth, yield and quality (Verma et al., 2017) .
Yeast extract is natural component has a high amounts of cytokines, nutrient elements, amino acids, carbohydrates and vitamins. It is considered a natural source of cytokines which stimulate cell division and enlargement as well as structure of protein. Soaking potato tubers in yeast extract before planting gave a significant increased of total yield, marketable yield, N, P, K and protein content (Dahshan et al., 2017) Thus, the aim of this study is investigated the effect of soaking tuber periods with some activators (LRE, Zn plus B and yeast extract) on potato growth, tuber yield, quality and their interaction.
MATERIALS AND METHODS
Complete blocks randomized with in split plot design with three replicates was done in 2017 and 2018 seasons. This experiment consist of 12 treatments that were the combinations between three of soaking periods (one hour, two hours and three hours) and four of some activators (LRE, Zn plus B and yeast extract and control treatment). The soaking periods were assigned in main plots, while sub plots were the application of some activators.
Tubers were divided into pieces every piece (15 g), pieces were divided into 12 groups and soaked every 4 groups in aforementioned activators for 1, 2 and 3 hours at room conditions. Tuber pieces were planted at 25 cm interval on ridges at 12-15 cm depth on 8 th and 10 th Jan. during 2017 and 2018 seasons respectively. The plot area was 12.6 m 2 consist of three ridges each one was (0.7m width X 6m length). The experimental soil sample were randomly taken for some physical and chemical properties (Table1). Licorice root extract (LRE) applied at 5g L -1 and prepared according to Almehemdi et al. (2011) (Ezzat et al., 2016) .
Zn at 100 mg L -1 as zinc chelates from EDTA, B at 50 mg L -1 as boric acid form. Yeast extract applied at 5 g L -1 and prepared according to El-Ghamriny et al. (1999) . It contains amino acids 28.6 mg/100g dry weights, vitamins 444.48 mg/100g dry weights, micro elements 1985.48 mg/100g dry weights and macro elements 93.3 g/100g dry weight (Khedr and Farid, 2000) .
A recommended dose of all soil fertilizers were added at N fertilizer 150 kg N/fed., which it divided into three similar parts, the first was added before the first irrigation after planting as ammonim sulphate (20.6 N%), while 2 nd and 3 rd parts were added with second and third irrigation after planting as ammonium nitrate (33.5 N%). Calcium super phosphate (15.5% P 2 O 5 ) was added during soil preparation at rate of 75 kg P 2 O 5 /fed., potassium sulphate (48% K 2 O) was added at rate of 95 kg K 2 O/fed. and divided into two similar parts before second and third irrigation after planting. All recommendation of Egyptian Ministry of Agriculture were conducted.
Data recorded:
6 plants were randomly taken (two from each ridge) after 80 days from planting to determine the following measurements: Vegetative growth characters:
represented as No of branches/ plant; No of leaves/ plant; plant height (cm); fresh weight (g/plant); dry matter (%) and leaves area (cm 2 ) according to Koller (1972) . Mineral components in leaves: -N, P and K %: were estimated in dry leaves by the method described in AOAC (2012).
-Zinc (ppm): was determined by the method described by Khazaei et al. (2017) . -Boron (ppm): was determined according to Chapman and Paratt (1961) .
Biochemical parameters in leaves: -Chlorophyll a, b and Carotenoids (mg/g Fw):
were determined according to Lichtenthaler and Wellburn (1985) .
Yield and its components:
At harvesting time after 140 days from planting; plant yield (kg) marketable and total tuber yield (ton/fed.) were recorded. Tuber quality: -Starch% was determined according to Somogy (1952) . -Vitamin C (mg/100 g Fw): It was determined by the method reported in AOAC (2012). -Total Soluble Solids (TSS) % were determined by using Refract meter according to AOAC (2012). -Total sugar % was estimated by the method reported by Malik and Srivastava (1979) .
Statistical analysis:
ANOVA technique was used to analyzed data statistically according to Gomez and Gomez (1984) . The treatment means were compared using Duncan Multiple Rang Test (Duncan, 1955) .
RESULTS AND DISCUSSION

Results
Vegetative growth parameters:
Obtained results in Table 2 demonstrated that all vegetative parameters i.e., No. of branches, No. of leaves, plant height, fresh weight, dry matter and leaves area significantly affected by soaking periods. The maximum values of the vegetative growth parameters were obtained from soaking tubers pre planting at 3 hours followed by soaking tubers 2 hours. As for the interaction effect between soaking periods and activators, data illustrated in the same Table  reveal that the integration soaking tubers 3 hours by using LRE at 5 g L -1 gave the highest values of No. of branches, No. of leaves, fresh weight, dry matter and leaves area, while there were insignificant effect between soaking tubers 3 hours plus LRE or yeast extracts on fresh weight and between soaking tubers 3 hours plus LRE or soaking tubers 2 hours plus LRE on dry matter in the first season. There were insignificant effect between soaking tubers 3 hours plus LRE or yeast extracts on plant height in both seasons.
Minerals component in leaves:
With respect to the effect of soaking periods, data listed in Table 3 indicated that soaking periods significantly affected on N, P, K, Zn and B in potato leaves. The maximum values of the minerals component in leaves were obtained from soaking tubers 3 hours pre planting, followed by soaking 2 hours, while the lowest values were came from plants soaked 1hour.
Data in the same Table exhibited that N, P, K, Zn and B in leaves significantly increased as concerning to application with activators compared to the control treatment. LRE at 5 g L -1 gave a superiority of all activators in N, P and K content, while Zn+B at (100+50) ppm application gave the highest values of Zn and B content.
Data in the same Table clarify the interaction effect between soaking periods and activators revealed that the combination between soaking tubers 3 hours by using LRE at 5 g L -1 gave the highest values of N, P and K, while combination between soaking tubers 3 hours by using Zn+B gave the highest values of Zn and B contents. 
Biochemical parameters in leaves:
It is clear from data listed in Table 4 that increasing soaking periods for potato tubers pre planting significantly increased biochemical parameters in potato leaves i.e. chlorophyll a, chlorophyll b, chlorophyll a+b and carotenoids. In this concern, soaking tubers 3 hours pre planting gave the highest values of this parameters.
Data listed in the same Table showe that biochemical parameters in leaves significantly increased with using activators compared to control treatment. LRE at 5 g L -1 gave the highest values of aforementioned parameters.
The interaction effect between soaking periods and activators showed that the combination between soaking tubers 3 hours by using LRE at5 g L -1 gave the highest values of biochemical parameter, followed by soaking tubers 2 hours by using LRE at 5 g L -1
.
Tuber yield and its components:
Data presented in Table 5 clarify that soaking periods significantly affected on potato yield and its components. The maximum values of plant yield, marketable and total tuber yield were obtained from soaking tubers 3 hours pre planting.
All activators significantly increased potato yield and its components compared to control. The highest values of plant yield, marketable and total tuber yield were obtained from LRE at 3 g L -1
. It enhanced marketable yield (22.12 and 24.84%) in 1 st and 2 nd seasons respectively. As regard to the interaction effect between soaking periods and activators on plant yield, marketable and total tuber yield of potato, data in the same Table indicate that  soaking tubers 3 hours pre planting with LRE at 5 g L   -1 gave the highest yield of potato without any significant with the yeast treatment in both seasons of study. 
Tubers quality:
As shown in Table 6 increasing soaking tubers periods increased significantly tubers quality i.e. starch, TSS, and total sugar contents in both seasons, except of vitamin C.
It is quite clear in the same table that LRE, Zn+B and Yeast extract significantly increased tubers quality compared to control. The maximum values of starch, TSS, and total sugar were obtained from LRE at 5 g L -1
, while Zn+B at (100+50) mg/l gave superiority in vitamin C content.
Concerning to the interaction between soaking periods and activators, data in the same table illustrate that soaking tubers pre planting 3 hours with LRE at 5 g L -1 gave the highest values of starch, TSS, and total sugar, while soaking tubers pre planting 2 hours combined with Zn+B at (100+50) mg/l gave the highest content of vitamin C in both seasons. 
